Abstract: Published records of ornithischian dinosaurs from the Lower Jurassic Lufeng Formation are extremely rare. Here we describe a new ornithischian specimen, FMNH CUP 2338, consisting of an articulated lower tibia and fibula, ankle, and pes from the Zhangjiawa Member of the Lufeng Formation. Preserved character-states are largely plesiomorphic for Ornithischia; our analysis indicates that the specimen represents an indeterminate basal ornithischian dinosaur. Reanalysis of the other known ornithischian specimens from the Lufeng Formation indicates that they are either not ornithischians, or are assignable to Thyreophora or Ornithischia indet. The abundance of ornithischians in the Lufeng Formation is unusually low compared with other well-known Early Jurassic ornithischian-bearing terrestrial tetrapod assemblages.
Introduction
The Dinosauria is composed of two major clades, the Ornithischia and Saurischia. Although there is an extensive record of early saurischians (e. g., LANGER 2004), the early evolutionary history of ornithischian dinosaurs is not particularly well-understood. Late Triassic ornithischians are extremely rare worldwide, represented by only a few fragmentary specimens from Gondwana (PARKER et al. 2005; IRMIS et al. 2007; BUTLER et al. 2007 ). In contrast, Lower Jurassic strata record a comparative abundance of body and trace fossils of early ornithischians (e. g., COLBERT 1981; PADIAN 1989; SERENO 1991; WEISHAMPEL et al. 2004; KNOLL 2005; TYKOSKI 2005; IRMIS 2005; BUTLER 2005) . Ornithischian remains are particularly well-known from the Kayenta Formation of the southwestern U.S.A. (COLBERT 1981; PADIAN 1989; ROSENBAUM & PADIAN 2000; TYKOSKI 2005) , the Lower Lias of England (OWEN 1861 (OWEN , 1862 ENSOM 1987 ENSOM , 1989 MARTILL et al. 2000; NORMAN 2001; BARRETT 2001) , and the upper Elliot and Clarens formations of southern Africa (CROMPTON & CHARIG 1962; CHARIG & CROMPTON 1974; THULBORN 1974; HOPSON 1975; GOW 1975; SANTA LUCA et al. 1976; SANTA LUCA 1980 SERENO 1991; KNOLL 2002 KNOLL a, b, c, 2005 KNOLL & BATTAIL 2001; BUTLER 2005) . Taxa from these strata represent the oldest well-known ornithischian dinosaurs, and include several of the main ornithischian lineages such as Neornithischia and Thyreophora (KNOLL 2002 a; BUTLER 2005) .
Although the Lower Jurassic Lufeng Formation (= "Lower Lufeng Formation" of other workers) in Yunnan Province, southern China contains a vertebrate assemblage very similar to other Early Jurassic terrestrial assemblages (OLSEN & GALTON 1977 ATTRIDGE et al. 1985; SHUBIN et al. 1991; LUO & WU 1994; SUES & REISZ 1995; IRMIS 2004) , ornithischian remains are extremely rare (BARRETT & XU 2005) . Several ornithischian taxa have been reported from the Lufeng Formation; few of these specimens are identifiable as ornithischian dinosaurs, much less diagnosable as valid taxa (KNOLL 2002 a; BARRETT & XU 2005; NORMAN et al. 2007) . For this reason, any new ornithischian material from the Lufeng Formation is important for understanding Early Jurassic ornithischian diversity in China.
Material collected from the Lufeng Formation in 1947-1948 by field expeditions from the Catholic University of Peking (CUP) led by E. OEHLER and H. RIGNEY includes tritylodont synapsids (HOPSON 1964) , basal mammaliaforms (PATTERSON & OLSON 1961; RIGNEY 1963; KERMACK et al. 1973 KERMACK et al. , 1981 , crocodylomorphs (SIMMONS 1965; WU & CHATTER-JEE 1993) , basal sauropodomorph dinosaurs (SIMMONS 1965; GALTON 1985; BARRETT 1999 BARRETT , 2000 , theropod dinosaurs (IRMIS 2004) , and ornithischian dinosaurs (SIMMONS 1965; COOMBS et al. 1990; LUCAS 1996) . Most of this material is from the "deep red beds" (= Zhangjiawa Member of FANG et al. 2000) of the Lufeng Formation (SUN et al. 1985; contra PATTERSON & OLSON 1961) . These specimens are now deposited at the Field Museum of Natural History, Chicago (FMNH), and include an articulated distal tibia, fibula, and tarsus (FMNH CUP 2338) (Figs. 1-2) from the Zhangjiawa Member at Hei Koa Peng (see SUN et al. 1985 and WU 1994 for further locality information) that was not mentioned by SIMMONS (1965) . This material represents one of the few confirmed ornithischian specimens from the Lufeng Formation, and is the first ornithischian postcranial material reported from the formation. IRMIS (2002) first identified this specimen as an ornithischian dinosaur and we describe it in detail here. 
Geologic setting
The Lufeng Formation comprises a sequence of interbedded non-marine sandstones, siltstones, and mudstones that crops out in Yunnan Province, People's Republic of China (SUN et al. 1985; FANG et al. 2000) . As with several other early ornithischian-bearing strata around the world (e. g., OLSEN & GALTON 1977 , the Lufeng Formation was initially regarded as Late Triassic in age (e. g., SIMMONS 1965; see historical review in FANG et al. 2000) , but is now considered Early Jurassic in age based mainly on its preserved vertebrate assemblages and relative stratigraphic position (SUN et al. 1985; LUO & WU 1994 .
Traditionally, these strata have been referred to as the Lower Lufeng Formation, and were sub-divided into two informal units, the lower "dark/dull purple beds" and the upper "deep/dark red beds" (SUN et al. 1985; FANG et al. 2000) . The overlying Middle Jurassic beds were referred to as the Upper Lufeng Formation and grouped with the Lower Lufeng Formation into the Lufeng Group (FANG et al. 2000) . Because the overlying Middle Jurassic strata are lithologically distinct and lie unconformably upon the Lower Lufeng Formation, FANG et al. (2000) revised the stratigraphic nomenclature of the Jurassic strata in southern Yunnan Province. They subdivided the "Upper Lufeng Formation" into several formations based on lithologic and biostratigraphic criteria. The Lower Jurassic strata previously referred to as the "Lower Lufeng Formation" were renamed the Lufeng Formation, and the "dull purple beds" and "dark red beds" were formalized as the Shawan and Zhangjiawa members respectively. Although we used this new nomenclature here, we cross-reference it with the older names where possible, because most recent workers (e.g., LUO et al. 2001; BARRETT & XU 2005; BARRETT et al. 2007) have not used the nomenclature of FANG et al. (2000) .
Description
FMNH CUP 2338 is an articulated left tarsus that includes the distal tibia, distal fibula, astragalus, calcaneum, distal tarsals III and IV, metatarsals II-IV, and several partial phalanges (Fig. 1) . The condition of the specimen suffers from both poor preservation and over-preparation; nevertheless, the morphology of the elements is generally discernable. The preserved proximal end of the tibia has been artificially cut, so this element may have been more complete when discovered. The distal hindlimb and the metatarsals are folded towards each other in hyperflexion (Fig. 1) , exposing the posterior aspect of the ankle ( Fig. 2A,  B) . The preserved phalanges have been slightly disarticulated ventrally beneath the metatarsals.
The preserved length of the tibia is 40 mm, with a proximal width of 15 mm and a maximum distal width of 31 mm. The distal tibia expands gradually distally so that the element is broadly triangular in anterior and posterior view ( Fig. 2A) . The anterior face of the tibia is flat, although the distal extremity of the tibia is not visible in anterior view because it is obscured by the metatarsals. In posterior view, a distinct ridge runs the length of the shaft, broadening distally, and separating the lateral and medial distal processes ( Fig. 2A, B) . The posterolateral process of the distal tibia is larger than the posteromedial process and completely obscures the fibula in posterior view (Fig. 2) . The posterolateral process also extends further distally than the medial process resulting in a distal margin of the tibia that is sinuous in posterior view, with a slight concavity between the two processes ( Fig. 2A) . The distal end of the tibia is triangular in distal view (Fig. 2B) ; the lateral malleolus is transversely broader than the medial malleolus. The lateral margin of the distal end is slightly concave, whereas the medial margin is slightly convex. The fibula is articulated with the tibia so that the medial surface is not visible (Fig. 1B) . The preserved length of the fibula is 23 mm; the broken proximal end is 8 mm wide and the maximum distal width is 15 mm. The fibula is subcircular in cross-section, and the diameter gradually increases distally. The distal articular surface is convex in lateral view for articulation with the calcaneum (Fig. 1B) .
The astragalus and calcaneum are slightly disarticulated (Fig. 2B ), but still in association with the rest of the tarsus. The astragalus has moved slightly proximally relative to the tibia. Only the posterior, medial, and distal surfaces are visible; the rest of the element is obscured by the tibia and distal tarsal IV. The posterior surface is poorly preserved and eroded, so its morphology is unclear. The astragalus is slightly crescentic in medial view with rounded anterior and posterior margins. The ventral surface of the astragalus is convex with a shallow central depression along the anteroposterior axis (Fig. 2B) . In ventral view, the maximum mediolateral width of the astragalus is 19 mm. The calcaneum is exposed in lateral, proximal, and partially posterior views and is displaced posteriorly from the fibula (Fig. 1B) . The proximal surface is concave for reception of the fibula; the distal surface is convex, forming a semicircular arc in lateral view (Fig. 1B) . The flat posterior surface forms the tibial facet (Fig. 2B) ; it is poorly preserved and may be partly abraded.
Both distal tarsal III and IV are present (Fig. 2B,  C) . Distal tarsal IV is rotated posteriorly and slightly medially because of the hyperflexion of the metatarsals relative to the tibia and fibula (Fig. 2B) . The element is proximodistally compressed with a small but distinct posterior process, and has a mediolateral width of 11 mm. Distal tarsal III is poorly preserved and mostly obscured by the astragalus and metatarsals (Fig. 2B, C) , but it is also proximodistally compressed and has a mediolateral width of 4 mm.
The metatarsal shafts are poorly preserved, but the proximal and distal articular ends show better preservation. Metatarsal II has a preserved length of 45 mm and possesses a sub-triangular proximal articular surface and a sub-rectangular distal articular surface. Metatarsal III has a preserved length of 45 mm, and the shape of both the proximal and distal articular surfaces are sub-rectangular; the ends are mediolaterally longer than they are anteroposteriorly tall. Metatarsal IV curves slightly medially in anterior view with a preserved length of 41 mm. It is also sigmoidal in lateral view (Fig. 1B) , although this may be a preservational artifact. The proximal articular surface is sub-triangular in profile. The distal articular surface has equal dimensions of height and width, but is asymmetric because the medial margin is longer than the concave lateral margin. Three poorly preserved fragments of phalanges are present (Fig. 2B,  C) . Two phalangeal fragments are displaced slightly posteroventrally from metatarsals II and III; the third is attached to the posterior shaft of metatarsal II (Fig. 2C) . All of the fragments possess subcircular, slightly concave articular surfaces.
Discussion
Phylogenetic placement of FMNH CUP 2338 is difficult both because of its incompleteness and general plesiomorphic morphology. Nonetheless, it can be assigned to the Dinosauriformes because metatarsal IV curves medially in anterior view (NOVAS 1996) and the medial margin of the distal articular surface of metatarsal IV is longer than the lateral margin (LANGER & BENTON 2006) . This second character was considered a synapomorphy of the Dinosauria by LANGER & BENTON (2006) , but it is also present in Silesaurus opolensis DZIK, 2003 (RBI pers. obs. of ZPAL AbIII 361/2), a non-dinosaurian dinosauriform IRMIS et al. 2007 ). FMNH CUP 2238 can be assigned to the Dinosauria (Ornithischia + Saurischia) because the medial margin of the distal tibia is anteroposteriorly broader than the lateral margin (LANGER & BENTON 2006) , the calcaneum possesses a concave proximal surface and is mediolaterally compressed (NOVAS 1992 (NOVAS , 1996 LANGER & BENTON 2006) , and distal tarsal IV is proximodistally compressed with a blunt caudomedial prong (NOVAS 1996; LANGER & BENTON 2006) .
No synapomorphies tie FMNH CUP 2338 to all ornithischians including Pisanosaurus mertii CASAMIQUELA, 1967 (BONAPARTE 1976 SERENO 1991; IRMIS et al. 2007 ), but it does preserve several character-states that are synapomorphies of all ornithischians except Pisanosaurus. In particular, the posterolateral process of the distal tibia completely obscures the distal fibula in posterior view (SERENO 1999; BUTLER 2005) . There is also no fibular facet on the astragalus (LANGER & BENTON 2006) and there is a reduced articular surface for the ascending process of the astragalus on the distal tibia. Both of these latter two character-states are present in tetanuran theropods (RAUHUT 2003) , but the ornithischian astragalus (and that of FMNH CUP 2338) is significantly narrower than the tibia mediolaterally whereas the tetanuran theropod astragalus is about the same width as the tibia. In SAM-PK1106, a referred specimen of Lesothosaurus diagnosticus (SERENO 1991; BUTLER 2005) , the ratio between the width of the astragalus and distal tibia is 62 % (SANTA LUCA 1984); the ratio is nearly identical in FMNH CUP 2338. The astragalus of Stormbergia dangershoeki (SAM-PK-K1105) (which might be an adult of Lesothosaurus; see KNOLL et al. 2007 ) is about 77 % the transverse width of the tibia (BUTLER 2005: fig. 17) fig. 17 ), FMNH CUP 2338 (if an enlarged ascending process were present, it would be visible on the anterior side of the tibia), and other nontetanuran saurischians (e. g., RAATH 1969; NOVAS 1993; COOPER 1981; LANGER 2003) . FMNH CUP 2338 also shares with ornithischians (except Pisanosaurus) a large tibial facet on the posterior side of the calcaneum (BUTLER et al. 2007: Suppl. Info.) . Again, a large tibial facet on the calcaneum is also found in tetanuran theropods (e. g., CURRIE & ZHAO 1993: fig. 23G ). Ornithischian calcanea (and that of FMNH CUP 2338) can be distinguished from tetanuran calcanea because tetanurans retain a calcaneum that is semicircular in medial and lateral views (e. g., MADSEN 1976: pl. 52; BRITT 1991: fig. 23 F, H fig. 22Q ). Furthermore, the medial edge of the tetanuran calcaneum is typically curved or sinuous (e. g., MADSEN 1976: pl. 52; BRITT 1991: fig. 23E ; CURRIE & ZHAO 1993: fig. 23D, G, I ), whereas it remains straight in most ornithischians (e. g., Scutellosaurus, Hypsilophodon, AVERIANOV et al. 2006: fig. 22R ) and FMNH CUP 2338.
Because sauropodomorph dinosaurs are the most common dinosaurs in the Lufeng Formation (SUN et al. 1985; LUO & WU 1994; WEISHAMPEL et al. 2004) , it is necessary to evaluate whether FMNH CUP 2338 could be a sauropodomorph. FMNH CUP 2338 does not possess any saurischian or sauropodomorph synapomorphies. It lacks a pointed caudomedial prong of distal tarsal IV and a metatarsal IV with a proximal lateral expansion; both of these are apomorphies shared by Herrerasaurus, Saturnalia, and Sauropodomorpha (LANGER & BENTON 2006) . This specimen also lacks a metatarsal II with a broad medially concave proximal articular surface and a distal articular surface that is wider than metatarsal III, characters that are synapomorphies of all sauropodomorphs except for Saturnalia (LANGER & BENTON 2006 fig. 70 ). The calcaneum of sauropodomorphs also lacks the posterior tibial facet of FMNH CUP 2338 and other ornithischians (e. g., LANGER 2003: fig. 6G-H ; COOPER 1981: fig. 70 ; and Plateosaurus engelhardti: SMNS 13200).
Among ornithischians, there are few characterstates present in FMNH CUP 2338 that would help elucidate its phylogenetic position. The taxa Stormbergia (e.g., BMNH R11000), Scelidosaurus (e.g., BMNH R1111), and some neornithischians possess a distal fibula that is mediolaterally compressed causing the fibula to appear crescentic in distal view. This character-state is absent in other ornithischians including Lesothosaurus (BMNH RU B.17), Scutellosaurus (MNA V175), Hypsilophodon (e. g., BMNH R193 and R200), and FMNH CUP 2338). Unfortunately, the distribution of this character-state is ambiguous and may even be size related (all of the above specimens are probably juveniles). The lack of other informative characterstates does not allow more precise placement of FMNH CUP 2338 within the Ornithischia. Thus, FMNH CUP 2338 should be considered an indeterminate basal ornithischian that is more derived than Pisanosaurus. No discrete character states support placement within Thyreophora (contra IRMIS 2002) .
Although it is difficult to specify the phylogenetic position of FMNH CUP 2338, it is important material because it is one of only three confirmed ornithischian specimens from the whole Lufeng Formation (BARRETT & XU 2005) . Other putative ornithischian material from the Lufeng Formation consists of Tatisaurus oehleri SIMMONS, 1965 , Tawasaurus minor YANG, 1982 a, Dianchungosaurus lufengensis YANG, 1982 b, and Bienosaurus lufengensis DONG, 2001 . ZHOU (1986 cited the presence of Heterodontosaurus in the Lufeng Basin, but no further details were provided so this record cannot be evaluated. SERENO (1991) first demonstrated that Tawasaurus minor possessed no ornithischian synapomorphies and was an indeterminate sauropodomorph dinosaur. BARRETT & XU (2005) recently demonstrated that the type specimen of Dianchungosaurus lufengensis is actually a valid taxon of mesoeucrocodylian crocodylomorph and the referred specimen is an indeterminate sauropodomorph. The holotype and only known specimen of Tatisaurus oehleri (FMNH CUP 2088) from the locality of Ta Ti (also known as Tati or Dadi) (SUN et al. 1985) was originally described by SIMMONS (1965) . He assigned it to the Hypsilophodontidae (conceived of as a grade-based group of ornithischians with a generalized body-plan), but suggested affinities with Scelidosaurus and ankylosaurs (SIMMONS 1965) . Subsequent authors placed Tatisaurus in a variety of ornithischian groups (including Heterodontosauridae), until COOMBS et al. (1990) demonstrated that it is actually a basal thyreophoran similar to Scelidosaurus. LUCAS (1996) argued that Tatisaurus was actually synonymous with Scelidosaurus, but did not provide any unambiguous synapomorphies to support this referral (KNOLL 2002 a; IRMIS 2004; NORMAN et al. 2007 ). The sinuous dental row of the dentary in occlusal view and ventral deflection of the rostral end of the dentary suggests that Tatisaurus is referable to the Thyreophora (KNOLL 2002 a; BUTLER 2005; NORMAN et al. 2007 ), but it is probably a nomen dubium (KNOLL 2002 a; NORMAN et al. 2007) . DONG (2001) recently described Bienosaurus lufengensis as a new species of "scelidosaurid". Although a variety of character-states suggest that it is a thyreophoran ornithischian dinosaur, there are no autapomorphies or unique combinations of character-states mentioned in the diagnosis or description, nor are any visible in the figures. Until such time as a redescription provides a valid diagnosis, Bienosaurus should be considered a nomen dubium and Thyreophora indet. Thus, there are only three known ornithischian specimens from the Lufeng Formation, all indeterminate: the type of Tatisaurus oehleri; the type of Bienosaurus lufengensis; and FMNH CUP 2338. Only Tatisaurus and Bienosaurus preserve overlapping elements, the dentaries. Tatisaurus has a dentary whose anterior end is strongly curved ventrally and has a smooth lateral surface, whereas the dentary of Bienosaurus is straight and has sculpturing on the lateral surface (R. BUTLER, pers. comm. 2006) . Thus, there is evidence for two different taxa of ornithischians in the Lufeng Formation, both indeterminate thyreophorans.
Early Jurassic ornithischian-bearing assemblages
The tetrapod assemblage preserved in the Lower Jurassic Lufeng Formation is very similar to other Early Jurassic assemblages (e.g., OLSEN & GALTON 1977 ATTRIDGE et al. 1985; SHUBIN et al. 1991; SUES & REISZ 1995; IRMIS 2004) ; one notable exception is the extreme low relative abundance of ornithischian specimens. In contrast, there is evidence for two taxa of ornithischians in the Lufeng Formation; so the species richness is comparable to other well-known non-marine Early Jurassic tetrapod assemblages (Table 1) . The upper Elliot Formation of southern Africa preserves no less than five ornithischian taxa (Table 1) (KNOLL 2005 , BUTLER 2005 , and the Kayenta Formation of the southwestern U.S. preserves at least 3 different taxa (Table 1) (ATTRIDGE et al. 1985; TYKOSKI 2005) . Although only one taxon, Scelidosaurus harrisoni, is known from the Lower Lias of England (OWEN 1861 (OWEN , 1862 NORMAN 2001; BARRETT 2001) , this is not surprising because the formation is entirely marine, and thus has a major taphonomic bias against terrestrial tetrapods. Ornithischians are unknown from Early Jurassic fissure fills in Britain (EVANS & KERMACK 1994) . The earliest Jurassic McCoy Brook Formation of Nova Scotia preserves a diverse terrestrial tetrapod assemblage; ornithischian teeth have been listed from this unit, but not described (SHUBIN et al. 1991 (SHUBIN et al. , 1994 . All of the formations discussed here have produced thousands of tetrapod specimens yet only three fragmentary specimens of ornithischians are described from the Lufeng Formation (WU & CHATTERJEE [1993] mentioned additional remains; these have not been described). Conversely, many ornithischian specimens are known from the upper Elliot Formation (e.g., SANTA LUCA 1984; KNOLL & BATTAIL 2001; KNOLL 2002 KNOLL a, b, c, 2005 NORMAN et al. 2004 a, c; BUTLER 2005) and Kayenta Formation (Table 1) (COLBERT 1984; PADIAN 1989; ROSENBAUM & PADIAN 2000; TYKOSKI 2005 ), though they are still rarer than sauropodomorph dinosaurs in the upper Elliot Formation. Although species richness is not significantly different compared with other Lower Jurassic ornithischian assemblages, the relative abundance of ornithischians in the Lufeng Formation is low compared to other terrestrial assemblages.
The low relative abundance of ornithischians from the Lufeng Formation is surprising because the other components of the tetrapod assemblage are very similar to other Early Jurassic assemblages and often have cosmopolitan distributions (ATTRIDGE et al. 1985; SHUBIN et al. 1991; SUES & REISZ 1995; IRMIS 2004) . Furthermore, the Middle Jurassic of China preserves a diversity of ornithischian dinosaurs not known from anywhere else in the world at this time BARRETT et al. 2005b ). The scarcity of ornithischian remains from the Lower Jurassic Lufeng Formation could be a result of true low abundance; conversely, this may result from taphonomic and /or collecting biases. At least two of the Lufeng ornithischian specimens are thyreophorans, suggesting that at least at a coarse level, the ornithischian clades present in the Early Jurassic of China were similar to those from other parts of Laurasia (e. g., North America and Europe). Although thyreophorans appear to be widespread in Laurasia, their absence from the Early Jurassic of Gondwana is notable, though this may be a sampling artifact. 
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